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ABSTRACT 
Oil palm empty fruit bunch (EFB) contains polymeric lignocellulosic component 
such as hemicellulose, cellulose and lignin and is therefore a potential raw material for 
producing advanced materials such as carbon electrode, and molecular sieve carbon. The 
parameters that have been focused throughout this experiment were concentration of acid 
sulphuric and temperature of carbonization. The experimental works has been done at GAS 
LABORATORY, Universiti Malaysia Pahang (UMP). In this research, the experiment has 
been run in slow pyrolysis process where empty fruit bunch (EFB) was pre-carbonized at 
280 °C, then, it followed by grinding and sievingof the pre-carbonize EFB. Then carbon 
precursor was treated with 0.2M, 0.4M, and 0.6M of H 2 SO4
 and was dried. The chemical 
changes of the treated EFB carbon precursor were discuses by using the thermogravimetric 
(TGA) analysis results. The green pellets are then prepare by mould compression of the 
carbon precursor powder and then will carbonize with 600°C, 800°C, and 1000°C of 
temperature by using multiple heating profile under nitrogen flow. Carbon pellet that 
prepared from 0.6 M of H2SO4
 gave highest density (p). Air mixing and high temperature 
expose to the carbon pellet during carbonization process was affected the properties of 
carbon pellet, thus advanced carbon product such as carbon electrode and molecular sieve 
carbon can't be prepared.
ABSTRAK 
Tandan kosong sawit (EFB) mengandungi komponen lignocellulosic polimerik 
seperti hemiselulosa, selulosa dan lignin dan adalah satu bahan mentah berpotensi untuk 
menghasilkan bahan termaju seperti elektrod karbon, dan karbon ayak molekul. Parameter 
yang akan dikaji dalam expeimen mi ialah iaitu kepekatan asid sulfurik dan suhu 
karbonisasi. Kajian telah dijalankan dalam makmal gas, Universiti Malaysia Pahang 
(UMP). Dalam kajian mi, experimen telah dijalankan dalam proses pirolisis perlahan di 
mana tandan buah kosong (EFB) di pra-karbonkan pada suhu 280°C, kemudian diikuti 
dengan mengisaran dan pengayakan karbon precursor. Kemudian prekursor karbon dirawat 
dengan 0.2M, 0.4M dan 0.6M molar acid sulphuric dan dikeringkan pada suhu bilik. 
Perubahan kimia prekursor karbon EFB yang telah dirawat dianalisis dengan menggunakan 
thermogravimetric (TGA). Pelet hijau dihasilkan dengan mampatan acuan dan akan 
dikarbonisasi dengan suhu 600°C, 800°C dan 1000°C menggunakan profil pemanasan 
berganda di bawah aliran nitrogen. Pelet karbon yang dirawat dengan kepekatan asid 
suiphurik 0.6 Molar memberi kepadatan tertinggi (p).Pencampuran udara dan suhu tinggi 
semasa proses pengkarbonan telah menjejaskan sifat pellet karbon, maka produk karbon 
seperti elektrod karbon dan ayak molekul karbon tidak boleh dihasilkan.
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CHAPTER 1 
INTRODUCTION 
1.1 Background of Study 
Malaysia is one of the world leading producers of palm oil with the oil palm 
plantations produce an average of 18.9 tonnes/hectare of fresh fruit bunches (FFB) in 
year 2003 (MPOB, 2004). Oil Palm empty fruit bunch (EFB) is a waste material 
produced in large quantities (15m mt/yr) by palm oil mills (MPOB 2010). The 
estimated annual total of EFB produced in Malaysia is about two million tones dry 
weight (Sha'ari et al. 1991). At present EFB are used as mulches and organic fertilizer 
(Rahim Bidin et al., 1984; Lim, 1989; Chiew et al., 1989) and as boiler fuel (Rahim 
Bidin et al., 1984 and Aznian Firdaus, 1988). Attempts to diversity the utilization of 
EFB have already been reported, e.g. for making tiles (ITusin et al., 1985), to produce 
pulp and paper (Husin et al., 1989), and very recently for making glassy carbon 
(Mohamad Deraman, 1992).
z 
The fibers or bundles of fibres in EFB are stringy and flexible in nature and they 
are physically stuck together to form vascular bundles. The average size of individual 
fibre is about 1 mm long, 25 microns wide and 3 micrones thick (husin et al., 
1985).EFB contains about 77.7% holocellulose, made up of 44.2 % acellulose, 33.5% 
hemicellUllOse and 20.4%lignin (Basiron and Husin, 1996). These components 
contribute to the carbon content of the EFB of 42%-43% (wet basis) (Gurmit et al., 
1990).
Figure 1.1: Shredded Empty Fruit Bunch 
Malaysia has a ready source of biomass in Empty fruit bunches (EFB) 
conveniently collected and available for exploitation in all palm oil mills. When convert 
the energy in the most efficient manner, Malaysia is well on the way to this most 
important sustainable source of energy for this century. The main achievement of using 
biomass-based Renewable Energy power generation is the reduction in greenhouse gas 
emissions (GHG).
3 
In Sabah, large quantities of palm waste called Empty Fruit Bunches (EFB) are 
available from plantations where palm oil is produced. In its raw state, EFB is both 
very fibrous and wet. If it could be dried, it would be an excellent fuel for power 
boilers. FASC Malaysia has installed a KDS machine in the 14 MWe TSH Biomass 
Power Plants in Kunak, Malaysia, for the purpose of drying EFB. Called the KIDS MF-
777, it dries and shreds EFB so that it can be burned as a fuel. At present, only one-
sixth of the fuel input needed by the TSH power plant is supplied by the KIDS MF-777. 
The KDS MF-777 processes 3750 kg/hr of raw EFB having . a moisture content of 52 % 
and produces 3000 kg/hr of shredded EFB which has a moisture content of 40 % - this 
is dry enough for burning on a grate. The power consumption of the MF-777 is only 
200 kW, under these operating conditions. This translates to a drying energy 
consumption of only 960 kJ per kg of water removal ( 414 BTU/lb) or only 44 % of 
the latent heat of water, no other dryer technology can match the low energy 
consumption of the KIDS MF-777. It is well-known among power plant engineers that 
every percentage point of moisture in the fuel causes 0.5-1 % reduction in the electricity 
produced. Thus, the estimated maximum possible increase in the TSH power plant 
output because of drying the fuel in the KDS MF-777 is 0.84-1.68 MWe. Thus, a net 
overall increase in the total power generated becomes possible due to the KIDS MF-777. 
Therefore, the cost of the KIDS equipment can be recouped from the extra 
revenue from the increased electricity production. Oil palm empty fruit bunch (EFB) is 
yet to be fully utilized economically. EFB has been a subject of environmental concern, 
whereas its handling in the palm oil mill also consumes unproductive cost and energy. 
Since the supply of EFB is continuous at palm oil mills and annual production of EFB 
approximately amount to 8.5 million metric tons, this material is considered to have a 
great potential for commercial exploitation. Production of carbon products from EFB 
has been investigated since 2003 (Astimar et al., 2003). Recently MPOB has developed 
a process to prepare high porosity carbon and molecular sieve carbon (MSC) for gas 
filtration from EFB (Astimar et al., 2005a, b).
4 
Porous carbon powder from EFB has to compete with carbon from petroleum 
extract and coal. With the recent rises in coal and petroleum prices, it is expected that 
the carbon powder from EFB can be competitive, besides offering other advantages by 
replacing raw materials from non-renewable sources (petroleum/coal extracts) with 
materials renewable materials (agricultural by-products), supports the policy of zero 
waste in the oil palm, industry and adding value to the oil palm EFB, and encouraging 
the utilization of renewable sources available as agricultural by-products for value 
added products.
Figure 1.2: Carbon Powder 
There are many forms of carbon products in the market, for example, cokes, 
graphites, carbon and graphites fibers, carbon fibers-carbon matrix composites, 
adsorbent carbons and monoliths, glassy carbon, engineering carbons, carbon blacks, 
carbon films, diamond like films, carbynes, fullerences, carbon nanoparticles, carbon 
nanotubes, carbon nanocones and multiwall carbon spheres.
5 
Typical categories of precursor for Solid State Science and Technology, Vol. 13, 
No 1 & 2 (2005) 170-178 ISSN 0128-7389 171carbon product are hydrocarbons, 
petroleum, coal, polymer and biomass from palm oil industry such as oil palm stones 
and oil palm empty fruit bunches (EFB). Porous carbons such as activated carbons are 
particularly useful and commonly used owing to their large adsorption capacity, fast 
adsorption kinetics and relative ease of regeneration. They adsorb organic and other 
non-polar compounds from liquid and gaseous phases. In practice, activated carbon is 
found in two general forms: granular activated carbon (GAC) and powdered activated 
carbon (PAC). GAC by definition is composed of particles with sizes greater than 0.8 
mm, whereas PAC is composed of particles smaller than that value. GAC is generally 
said to have a larger internal surface area and smaller internal pores, while PAC is 
thought to have larger pores and a smaller internal surface area. 
The adsorption process has an edge over the other treatment methods due to its 
sludge free operation. Activated carbon is the most widely used adsorbent for this 
purpose. The wide usefulness of activated carbon is a result of its chemical and 
mechanical stability, high adsorption capacity and high degree of surface reactivity. 
Extensive studies have shown that activated carbon (AC) is efficient in the adsorption of 
numerous bio-resistant organic pollutants from an aqueous system. Activated 
carbon adsorption has been recommended by the United States Environmental 
Protection Agency (USEPA) as one of the best available technologies (BAT) in the 
removal of organic compounds. The major constraint of its usage in industrial 
applications is high production cost due to expensive materials used. Many investigators 
have studied the feasibility of less expensive materials of agricultural by-
product resulting from the annual harvesting and industrial processing of various 
agricultural crops for production of activated carbon and its application in wastewater 
treatment.
6 
The by-product has been shown to be potential materials in the production of 
activated carbon with efficient adsorptive capacity comparable with that of commercial 
activated carbon. There are two principal methods for making activated carbon, namely 
a high temperature oxidation with steam of a previously charred carbonaceous 
substance (coal, char and charcoal) and a lower temperature chemical dehydration or 
chemical reaction of a carbonaceous raw material. Inexpensive sources and cost-
effective preparation methods are in demand because of the importance of adsorption in 
pollution control. Result from previous studies showed that Potassium hydroxide 
(KOH) treatment is able to increase the surface area and pore volume of the porous 
carbon pellet prepared from Self-Adhesive Carbon Grain (SACG). The porosity of this 
carbon pellet changed with the concentration of KOI-I. The mechanism of reaction 
between KOH and carbon samples can be found elsewhere. In this study, the porous 
carbon is prepared in pellet form. Different operating parameters including 
concentration and temperatures will investigate to evaluate quality of the advanced 
carbon material such as carbon electrode and molecular sieve carbon (MSC).
7 
1.2 Problem Statement 
The presence of huge productions of biomass (15m mt/yr) from palm oil 
plantation it's give an environmental problem to the palm oil mill site if the storage time 
is too long. Effective utilization of the EFB and other by- product is expected to resolve 
or at least to minimize this problem and then will help the mills to operate productively. 
Besides that, with low value of EFB compare with coal and petroleum prices, it is 
expected that the carbon powder from EFB can be competitive. Oil palm EFB having 
polymetric lignocelluloses component such as hemicelluloses and lignin, is a potential 
raw material for the preparation of advanced materials such as carbon electrode and 
molecular sieve carbon.
8 
1.3 Research Objective 
I. To prepare advanced carbon product from oil palm biomass such as carbon 
electrode and molecular sieve carbon. 
2. To study the physical and mechanical characteristic of empty fruit bunch carbon 
electrode. 
3. Preliminary study toward high porosity of Molecular Sieve Carbon (MSC) for 
gas filtration in the 02 and N2 separation. 
1.4 Research Scope 
To achieve the objectives of the research, the following scope of study are to be 
apply:
1. Effects concentration of H 2
 SO4
 treatment toward thermal characteristic of 
the EFB carbon precursors. 
2. Effect concentration of H2 SO4
 treatment toward, density (p), young 
modulus(E), Rockwell hardness (H) and electrical conductivity (or). 
3. Effect of difference carbonization temperature on the BET analysis and high 
porosity carbon and molecular sieve (MSC) for gas filtration.
9 
1.5 Rationale & Significance of study 
I. Solve some of disposal problem. 
2. Supports the policy of zero waste in the palm industry and adding value to the 
oil palm EFB. 
3. Can be replacing raw material from non-renewable sources (petroleum/coal 
extracts) with material renewable materials (agricultural by product). 
4. Increase the output of oil palm industry by turning a by-product into a resource 
for other related industry. 
5. Increase value added product waste to wealth.
CHAPTER 2 
LITERATURE REVIEW 
2.1 Acid Activation 
EFB has been found suitable for conversion (by pre-carbonization into self-
adhesive carbon grains (SACG) that can be palletized without any binding agent 
(Deraman et al., 1998). A number of attempts have been made to improve thermal and 
chemical characteristic of the SACG produces from EFB (Deraman et al., 2000; Abdul 
Aziz et al., 2003).
11 
The use of acids for the activation of the lignocellulosic materials to prepare 
high surface area porous carbon has been known (Mochida et al., 1985; Guo & Lua, 
1999; Guo et al., 2005; Legrouri et al., 2004). Basically, strong acids are an oxidation 
agent, which promotes the dehydration and redistribution of biopolymers in the 
lignocelluloSiC materials (Song and Lee, 1984). It involves in the cleavage of the ether 
bonds between the lignin and the cellulose, followed by recombination reactions in 
which larger structural units are formed, resulting a rigid cross linked solid (Helm and 
Young, 1989; Sabio et al., 1995; El-Hendawy, 2003). Based on that hypothesis, using 
sulfuric acid (H2SO4) to treat towards the SACG of EFB will modify the thermal and 
chemical properties of SACG, hence would increase some of the physical and 
mechanical properties of the carbon pellets. 
The qualities and characteristics of ACs depend not only on the physical and 
chemical properties of the initial material but also on the activation methods used. 
Generally, physical and chemical methods are used to prepare AC having high surface 
area. In the physical activation, a raw material is firstly carbonized and then activated 
by steam or carbon dioxide (CO2). Lua and Yang carried out studies on the effect of 
physical activation on the characterization of AC prepared from pistachio-nut shells. In 
the chemical activation, a raw material is impregnated with an activating reagent and 
then heat-treated in inert atmosphere. 
Chemical activation with zinc chloride (ZnCl 2) was studied by many researchers 
on different preparation conditions.However, Hourieh et al. studied the effect of 
ZnC12
 concentration on the properties of AC using a raw material like pistachio-nut 
shell. Activation temperature, duration time in activating reagent solution, the amount 
and the type of activating reagent, activation time are important parameters that 
determine the quality of AC. The gas mixture was used as an inert atmosphere 
during activation as it is believed that CO2 activation mainly causes the creation of 
micr
oporosity while steam activation increases the development of mesoporosity to 
a higher extent.
